Abstract To test the feasibility and acceptability of a theory-based lifestyle intervention designed to prevent excessive weight gain during pregnancy and promote weight loss in the early postpartum period in overweight and obese African American women. Sixteen pregnant women (B18 weeks gestation) were recruited from prenatal clinics in Columbia, South Carolina in 2011 and assigned to a lifestyle intervention program. The intervention, guided by formative research, consisted of an individual counseling session followed by eight group sessions alternated with telephone counseling contacts that continued through 36 weeks of gestation. At 6-8 weeks postpartum, participants received a home visit and up to three counseling calls through week 12. Medical charts were reviewed for 38 contemporary controls who met the same inclusion criteria and attended the same prenatal clinics. Compared to controls, study participants gained less total weight, had a smaller weekly rate of weight gain across the 2nd and 3rd trimesters (0.89 vs. 0.96 lbs), and were less likely to exceed weight gain recommendations (56.3 vs. 65.8 %). At 12 weeks postpartum, study participants retained 2.6 lbs from their prepregnancy weight, half of study participants were at their prepregnancy weight or lower, and only 35 % retained C5 lbs. The intervention also demonstrated success in promoting physical activity and reducing caloric intake, and was well-received by participants. The initial results were promising. The lessons learned can help inform future studies. The efficacy of our intervention will be tested in a large randomized controlled trial.
Introduction
The high prevalence of women who enter pregnancy overweight and obese is of increasing public health concern. African American women of childbearing age experience the highest rates of overweight and obesity in the United States; 78 % report a body mass index (BMI) C25.0 kg/m 2 [1] . Overweight and obese women are at increased risk for many pregnancy-related complications, including gestational diabetes, hypertensive disorders, cesarean sections and postoperative complications as compared to normal weight women [2] .
Excessive gestational weight gain (GWG) is also a growing concern, with up to 50 % of women gaining weight above the Institute of Medicine (IOM) guidelines during pregnancy [3] . Overweight and obese women are almost twice as likely to experience excessive weight gain in pregnancy as normal weight women [4] . Women who are African American or lower-income are also at increased risk for excessive GWG and postpartum weight retention [4] [5] [6] [7] .
Excessive GWG is associated with many adverse health outcomes for both mothers and children. For mothers, these risks include gestational diabetes, preeclampsia, cesarean delivery, postpartum weight retention and future overweight and obesity [4, 8, 9] . For infants, the risks include low 5-min Apgar scores, hypoglycemia, and macrosomia [10] . Emerging evidence also suggests an association between excessive GWG and overweight and obesity in the offspring in early childhood through adolescence [11, 12] . Therefore, reducing excessive GWG is one strategy to prevent the development of overweight and obesity in mothers and their children.
Interventions aimed at reducing GWG appear to be effective; however, the results have been modest and there is substantial heterogeneity in outcomes [13, 14] . A recent review found that obese women who took part in a dietary and lifestyle intervention gained, on average, 2.2 fewer kg than control women [13] . The ten studies included in the review were rated as low to medium quality by the authors. The majority of these interventions were not grounded in behavioral theories and also largely focused on nutrition education, although physical activity (PA) has been shown to be both a safe and valuable component of a healthy pregnancy [15] . Furthermore, PA during pregnancy may independently reduce the risk of excessive GWG [16, 17] . There is a clear need to develop and test theoretically based interventions that emphasize PA participation as well as nutrition education.
An additional limitation is the paucity of intervention studies targeting African American women; the majority have focused exclusively on White women. Only five studies were identified that included a sub-sample of African American women [18] [19] [20] [21] [22] . While the majority of interventions reported a statistically significant reduction in GWG for those in the intervention group, no studies examined race differences in intervention effectiveness. Therefore, little is known about the effectiveness of GWG interventions in African Americans.
Finally, there are few intervention studies that have followed women through pregnancy into the postpartum period, and results have been mixed [23, 24] . Additional interventions that follow women into the postpartum period are warranted. This is especially important given the contribution of postpartum weight retention to the development or continuation of overweight and obese status [4, 25, 26] .
The purpose of this study was to test the feasibility and participant satisfaction of a theory-based nutrition and PA intervention designed to prevent excessive GWG and promote weight loss in the early postpartum period in overweight and obese African American women.
Methods/Design

Study Design
The study was implemented in two phases. In Phase 1, indepth interviews were conducted with pregnant (n = 25) and postpartum (n = 8) African American women to learn the barriers and enablers of PA, healthy eating, and healthy weight gain during pregnancy and weight loss during postpartum, as well as preferred intervention channels and components. Phase 1 findings [27] were integrated with state-of-the-art behavioral strategies to develop and deliver an intervention (Phase 2) that was tailored to the unique circumstances of pregnant and postpartum African American women. This paper focuses on the study design, results, and lessons learned from Phase 2.
Participants
Pregnant women were recruited from five prenatal clinics in Columbia, South Carolina from February to July 2011 and received a lifestyle intervention program. Inclusion criteria were being B18 weeks of gestation at enrollment, African American, and having a prepregnancy BMI between 25.0 and 40.0 kg/m 2 . Women were excluded for the following reasons: multiple gestations, uncontrolled hypertension, type 1 diabetes, uncontrolled or untreated thyroid disease, hospitalized for a mental health or substance-abuse disorder in the past 6 months, persistent bleeding past the first trimester, and physical disabilities that prevented exercise. Written physician approval to participate was also required, using a form adapted from the Physical Activity Readiness Medical Examination (PARmed-X) for Pregnancy [28] .
Due to limitations in funding, contemporary controls provided comparison data for study participants. Staff at the hospital's Medical Records Division selected all women who met the same inclusion criteria (race, age, and prepregnancy BMI) as the study participants and delivered a singleton live birth between August 1 and November 15, 2011. These women also attended the same prenatal care clinics and delivered in the same hospital as the study participants. There were 38 women who met our inclusion criteria and their medical records were abstracted for weight measurements (all prenatal care visits and delivery room), pregnancy outcomes, and basic demographic information. The study protocol was approved by the Institutional Review Boards at both the hospital and the university.
Behavioral Intervention
Intervention channels shown to be effective in general populations and in pregnant and postpartum women include: telephone-based counseling [29] [30] [31] , in-person counseling conducted in conjunction with routine obstetric visits [4, 32] , home-delivered interventions [33] , groupbased sessions [34] and print-or internet-delivered interventions [31, 35] . Our Phase 1 formative research revealed a strong preference for a group-based intervention with openness to telephone calls to supplement these sessions. Thus, our lifestyle intervention consisted of an individual counseling session followed by eight group sessions alternated with telephone counseling contacts that continued through 36 weeks of gestation. At 6-8 weeks postpartum, participants received a home visit and up to three counseling calls to promote postpartum weight loss through week 12. All intervention materials were delivered by a registered dietitian with an MSPH in health promotion. All group sessions were co-led by an African American research staff member with an MPH in health promotion.
Intervention Components: Pregnancy
Consistent with social cognitive theory [36] , participants learned how to use behavioral skills and knowledge; selfregulate (set goals, self-monitor, problem solve, and use reinforcement); employ stimulus control strategies to promote healthier choices; seek out social support; increase self-efficacy; identify high-risk situations and how to cope with them; and prepare for and cope with setbacks [37] . Participants received the 2009 IOM recommendations for healthy weight gain [38] and a weight gain chart. Frequent self-monitoring of PA, diet, and weight was strongly encouraged and achieved through the use of pedometers, scales (provided to participants), and simple dietary logs.
The initial face-to-face session provided personalized feedback regarding recommended GWG based on prepregnancy BMI, a graph to plot weight gain through 40 weeks gestation with upper and lower recommended limits, dietary intake based on three 24-h dietary recalls (discussed below), PA level based on the SenseWear dietary armband (discussed below), and initial goals for PA and diet (participant selected). General nutrition information for pregnant women (using individualized MyPyramid for Moms Daily Food Plan) and basic exercise information and recommendations for pregnant women was also provided.
Each of the 90-min group sessions included general didactic content, discussion and application of a behavioral strategy (e.g., self-monitoring), skill training in diet and/or PA (e.g., label reading, exercise options with baby), and a group activity (e.g., game, planning a meal). An attendance incentive was provided, and each session included a healthy food demonstration and tasting.
Each telephone call assessed participant health and safety and progress toward the PA and dietary goals. Each call also included problem solving regarding overcoming barriers to meeting goals, reinforcement of content discussed in group, and setting new PA and dietary goals.
Intervention Components: Postpartum
Because the life circumstances, medical issues, and dietary needs of women change during postpartum, we resumed contact with women at 6-8 weeks postpartum. Through the face-to-face home visit and counseling telephone calls, similar in structure to that described for the pregnancy period, the intervention focused on setting goals for gradually resuming PA and exercise options that could be done with a baby. The participant learned her nutritional needs during postpartum (personalized MyPyramid for Moms Daily Food Plan), including how these needs are affected by breastfeeding. Strategies for weight reduction were discussed.
Intervention Goals
Consistent with guidelines for pregnant women [39, 40] , intervention goals were to engage in 30 min of moderate intensity PA (e.g., brisk walking) on 5 or more days per week and to eat a diet high in fruits, vegetables, and whole grains and low in saturated and trans fats, while also balancing caloric intake to match but not exceed dietary needs for pregnancy and lactation. MyPyramid for Moms were used to help women select a balanced diet that incorporated the higher needs for some vitamins and minerals [40] . Pregnancy weight gain goals were consistent with the 2009 IOM recommendations (15-25 lbs for overweight and 11-20 lbs for obese women) [38] . During the postpartum period, participants were encouraged to set short-term goals of losing approximately 1-3 lbs/week. They also received feedback regarding achieving a healthy BMI.
Key Measurements
To evaluate the effects of the lifestyle intervention, study participants were measured at three time points: baseline (B18 weeks gestation), 32 weeks gestation, and 12 weeks postpartum, in addition to abstraction from medical records.
Gestational weight gain was our primary outcome. Data for calculating GWG for both study participants and control women came from medical records abstraction. GWG was assessed in three ways. First, total GWG was calculated as the delivery room weight minus prepregnancy weight. Second, considering that total GWG varies by gestational age at delivery, the ratio of actual weight gain to expected weight gain for each gestational week based on the 2009 IOM guideline was used to determine the proportion of women meeting IOM guidelines (inadequate, adequate, or excessive) [38] . Details on how to derive this measure are available in other published studies [41] . Third, the weekly rate of weight gain in the 2nd and 3rd trimesters (14 weeks of gestation until delivery) was calculated.
In addition to GWG measures, we assessed several secondary outcomes, which were only available for study participants. Postpartum weight retention was calculated as 12-week postpartum weight minus prepregnancy weight in lbs.
Physical activity was assessed using SenseWear Armband (BodyMedia Inc. Pittsburg, PA). The Armband has been validated for use in free-living non-pregnant [42] and pregnant [43] participants. We distributed Armbands at all three measurement visits. Participants were instructed to wear the Armband for seven consecutive days (24 h/day), and to only remove it for showers/baths, water activities, and monitor cleaning. The number of steps/day, daily minutes spent in moderate-to vigorous-intensity PA (MVPA; MET C3), and total energy expenditure were used. Protocol compliance was high. The majority of our participants provided armband data (80-93 % across visits) with an average wear time of 23 h/day and 6 days with [20 h/day.
Dietary intake Three telephone-administered 24-h recall interviews were conducted on non-consecutive, randomly selected days (2 weekdays, 1 weekend) after each measurement visit by experienced registered dieticians, using the Nutrition Data System for Research software (NDSR, Version 2008). Data from participants with at least two completed and reliable recalls were used in our analysis.
Program satisfaction Participants were asked to share, via structured and open-ended questions, what they liked most/least about the intervention, recommendations for intervention modification, perceived usefulness of the intervention in preventing excessive weight gain and promoting postpartum weight loss, and factors that helped and hindered behavior change at 32 weeks of gestation and 12 weeks postpartum.
Statistical Analyses
Continuous variables are shown as means ± standard deviations (SD) and categorical variables as numbers and percentages. For total GWG and total energy expenditure, the means and standard errors (SE) adjusted for prepregnancy BMI. For all diet intake variables, except the percentages of calories from fat and saturated fat, we adjusted for total energy intake at the respective measurement visit. To compare group differences, two-sided Fisher's exact tests were used for categorical variables and independent sample t tests were used for continuous variables. We also used paired t tests for within-subject comparisons of PA and dietary intake variables measured at the three time points. Because this was a small pilot study, results focus on the direction and magnitude of observed differences. All analyses were performed with SAS (SAS Institute Inc., Cary, NC, USA).
Results
Study Sample
We recruited 16 overweight or obese African American women into our behavioral intervention program at 13.2 ± 2.5 weeks of gestation (range 9-17 weeks). They were 25.6 ± 4.2 years with a mean prepregnancy BMI of 28.6 ± 3.5 kg/m 2 . Over 56 % attended some college, 81.3 % were not married, and 56.3 % were employed during pregnancy. Our contemporary controls were very similar to our intervention except that a higher proportion of control women had education levels at or less than high school (71.1 %) and prepregancy weight was higher among control women (Table 1) .
Effects on Gestational Weight Gain and Postpartum Weight Retention
As shown in Table 2 , compared to contemporary controls, study participants gained less total weight on average and were less likely to exceed GWG recommendations. Study participants also had a smaller weekly rate of weight gain in the 2nd and 3rd trimesters. In the group that exceeded IOM recommendations, total GWG was 33.1 lbs in study participants versus 36.9 lbs in contemporary controls, after adjusting for prepregnancy BMI. These differences, however, were not statistically significant.
At 12 weeks postpartum, study participants retained 2.6 lbs from their prepregnancy weight. Half of the study participants were at their prepregnancy weight or lower, and 35 % of participants retained at least 5 lbs postpartum.
As shown in Table 3 , adverse maternal and birth outcomes were similar for study participants and contemporary controls. No significant differences were found in infants' birth weight, gestational ages, fetal growth, apgar scores, c-section delivery, NICU admission, and diagnosis of gestational diabetes. Interestingly, offspring born to study participants had longer birth length (49.2 cm) than contemporary controls (47.1 cm) (P = 0.0006).
PA, Diet, and Birth Outcomes (Table 4) Steps per day in study participants were similar at baseline (6,599) and 32 weeks of gestation (6,219), suggesting less decline in PA than is typically seen in pregnancy [44, 45] . Steps per day increased to 7,773 at postpartum (P = 0.06, baseline vs. 12 weeks postpartum). Similarly, total minutes spent in MVPA were 48.6 min at baseline, 40 min at BMI Body mass index, SD standard deviation * P values were based on 2-sided Fisher's exact tests for categorical variables and independent sample t tests for continuous variables 32 weeks of gestation, and 59.0 min at 12 weeks postpartum (P = 0.04, baseline vs. 12 weeks postpartum). Total daily energy expenditure was 2,325 kcals/day at baseline, and increased significantly at 32 weeks gestation (P = 0.03, baseline vs. 32 weeks) and at postpartum (P = 0.008, baseline vs. 12 weeks postpartum). % of calories from saturated fat, mean (SD) 11.1 (3.7) 11.1 (2.2) 11.4 (2.7)
Total dietary fiber, grams/day, mean (SE) SE Standard error, SD standard deviation a Adjusted for prepregnancy body mass index b Adjusted for total caloric intake § P \ 0.05 based on paired t tests to make within-subject comparisons between baseline and 12-week postpartum measurements (n = 11) } P \ 0.05 based on paired t tests to make within-subject comparisons between baseline and 32-week measurements (n = 13)
Total caloric intake declined across time. Intake for other components of diet was similar across the three time points except vegetable intake, which declined somewhat from baseline to postpartum. In general, participants ate a lower fiber diet, with very few servings of whole grains, and regularly consumed sweetened beverages. No withinsubject comparisons were statistically significant at the 0.05 level.
Acceptability of the Intervention
During pregnancy, participants attended an average of 3.8 group sessions plus 1.3 makeup sessions, thus receiving 64 % of the group session content. They received 43 % of the attempted phone contacts. Fifty percent of postpartum intervention home visits and 40 % of postpartum phone calls were completed. Retention at 32 weeks gestation (94 %) and 12 weeks postpartum (88 %) was high. As shown in Table 5 , participants rated the program positively (3.8/4.0), and all reported they would recommend it to a friend. Participants rated the following aspects as being particularly helpful (mean score C2.4 out of three as the possible points): nutrition and exercise information received in one-on-one session, setting eating goals, reading food labels, regular weighing, money saving tips for food purchasing, and group sessions. Most (*90 %) described the number of group sessions and phone calls as ''about right''.
Discussion
This paper described the development of a theory-based behavioral lifestyle intervention aimed at preventing excessive weight gain during pregnancy and promoting weight loss after delivery. The intervention was pilot tested in a small group of overweight and obese African American women. In spite of the limited resources available in this feasibility study, we found that study participants gained 2.4 fewer pounds than contemporary controls, the effect in a magnitude similar to findings from a metaanalysis in this area [46] . The total GWG in the sub-group of study participants who exceeded IOM recommendations was 4.4 lbs lower than those in the contemporary control group. This finding suggests we were able to attenuate the degree of excessive GWG. In terms of postpartum weight retention, half of our study participants were able to return to prepregnancy weight or lower and the mean net weight retention was 2.6 lbs at 12 weeks postpartum. Because most studies of overweight/obese women have been conducted in countries where total weight gain among controls was less than in our sample of controls, it is difficult to compare our findings with the larger literature in this population [47] [48] [49] [50] . Furthermore, our intervention also showed initial evidence in maintaining PA, reducing caloric intake, and being well-received by participants. There were no major differences in maternal or birth outcomes between our study participants and control women.
In some outcomes such as birth length, preterm births, and gestational diabetes, study participants appeared to have better outcomes than the contemporary controls. Through this feasibility study, we also had learnings that can help inform future studies. We used a group format based on the expressed preference by our study population, but attendance at group sessions was not ideal. On the one hand, less-than-ideal attendance might be related to only being able to offer one time slot for the group session due to resource constraints (i.e., weekday, 5:30 p.m.). On the other hand, this finding indicates that these high-risk pregnant women have many barriers to attending classes and adopting healthier lifestyles during pregnancy. We also believe that having no contact with participants from 36 weeks gestation to 6-8 weeks postpartum was problematic in terms of maintaining rapport and contact. The feasibility study underscored the importance of offering participants novel, alternate, and more flexible intervention channels such as social media or technology to enhance engagement for this population.
Although the intervention showed promising results in reducing GWG, we had expected to see larger differences relative to the contemporary controls. However, the fact that the magnitude of our results were comparable to a recent meta-analysis [46] is promising given we targeted a higher-risk and less-studied population (i.e., overweight and obese African American women). Having greater study resources to more intensively target participants not meeting weight goals and greater flexibility regarding class times and intervention channels might lead to improved outcomes. Furthermore, our study is limited by its small sample and use of contemporary controls as comparison group. Finally, some might question the high intensity of this behavioral intervention and its feasibility for dissemination. However, previous studies using low intensity approaches such as brochures or mailings or a very limited number of counseling sessions or phone calls were not successful in reducing GWG for overweight/obese women [48, 51] . A more intensive intervention approach, such as more frequent contacts and greater emphasis on both PA and nutrition, consistent with our intervention approach, has been recommended for overweight and obese women [51] . If a more intensive intervention is effective, then future research is needed to examine the minimally effective dose and how the intervention can be integrated into prenatal or community-based care.
In spite of these limitations, this study has multiple strengths. First, we have designed a theory-based study which was tailored to the unique barriers and facilitators for this high-risk population. Second, we were able to successfully recruit and retain participants from busy clinical practices. Third, our intervention was designed to fully target both PA and nutrition components, while the extant literature relies predominantly on nutrition education. Fourth, we used objectively measured PA and 24-h dietary recalls, both which are rarely seen in published studies in this area. Lastly, by intervening in both prenatal and postpartum periods, we are able to see a longer-term impact on weight retention after pregnancy.
Conclusions
In response to major gaps and limitations in the field, we have designed and pilot tested a theory-based behavioral lifestyle intervention program which was tailored for overweight or obese African American women. This population has not been well studied in the existing literature. Our initial results were promising and our follow-up and measurement retention rates were high. The lessons learned can inform future studies. The efficacy of our intervention will be tested in a large randomized controlled trial.
